I
n caring for the pregnant patient, it is important to consider several general principles. First and foremost, there are two patients involved: mother and fetus. Treatment that may be in the best interest of the mother may adversely affect the fetus and vice versa. Second, a pregnant patient should not be penalized for being pregnant. In other words, she should have necessary tests performed, receive appropriate medications, and undergo indicated procedures. Finally, it is important to be cognizant of the various physiologic alterations that are induced by pregnancy and that may affect both diagnosis and treatment of the pregnant patient. This review deals primarily with these changes and how they may impact on critical illness. For a complete review of the physiologic changes in pregnancy, the reader is referred to the 22nd edition of Williams Obstetrics (2005) (1) .
As will become evident from the discussion below, pregnancy induces physiologic changes in virtually every organ system. Probably the two most important systems with regard to critical care are the cardiovascular and pulmonary systems.
CARDIOVASCULAR SYSTEM
There are numerous changes in the cardiovascular system resulting from pregnancy, as summarized in Table 1 . Probably the most significant change in this system is in the blood volume. As shown by Pritchard more than 4 decades ago, the blood volume in a normal, healthy pregnant female increases almost 50% above the nonpregnant level (2) . This represents an increase of approximately 1500 mL, of which 1000 mL is plasma volume and 500 mL is erythrocytes (1, 3) . Blood volume expansion may be even greater in multifetal gestations. However, the blood volume may expand little, if at all, in patients with severe preeclampsia or eclampsia (4, 5) . For example, in one study of 44 normal controls vs. 29 eclamptic patients, the mean blood volume was 4500 mL in the controls (an increase of 1500 mL over nonpregnant levels), vs. a mean of approximately 3200 mL in eclamptic patients (an increase of only 200 mL over nonpregnant levels) (5) .
Using independent measurements of plasma volumes (Evans blue) and red blood cells (chromium nonradioactive isotopes), Silver and colleagues reported that both red blood cell and plasma volume are decreased in patients with preeclampsia (6) . This has extremely important implications since pregnant patients with preeclampsia have relative "hemoconcentration" and thus are much more susceptible to the usual blood loss of both vaginal and operative delivery. Moreover, because of the vascular permeability associated with severe preeclampsia, attempts to expand the blood volume in these patients with vigorous intravenous fluid therapy may result in lifethreatening pulmonary edema (7).
Other Cardiovascular Changes
There are numerous other pregnancyinduced hemodynamic or cardiovascular changes that must be considered when caring for the pregnant patient in a critical care setting. Clark and associates, in a study of central hemodynamic assessment in ten normal pregnant patients at term, found that both heart rate and stroke volume were increased when measured in the left lateral recumbent position (8) . Moreover, since cardiac output in its simplest form is heart rate times stroke volume, it is not surprising that these authors also reported a significant increase in cardiac output in these patients (from approximately 4 L/min to approximately 6 L/min). Pregnant patients with some forms of heart disease such as severe mitral stenosis may have relatively fixed cardiac outputs that may not be able to be substantially increased in comparison with normal pregnant patients.
Another cardiovascular change in pregnancy that may be important in a critical care scenario is the reduction in venous return to the heart and decrease in cardiac output associated with the supine position. This effect is obviously more pronounced in the third trimester, when the uterus is largest. The so-called supine hypotensive syndrome, in which the pregnant patient may experience symptomatic hypotension, may be relieved when she lies on her left side or when the uterus is displaced to one side. This is important to remember when performing emergency surgery on the pregnant female or when venous return to the heart is critical, as in a patient with a fixed cardiac output (severe mitral stenosis) or in a patient in which a decrease in cardiac output could result in sudden death (severe aortic stenosis).
The most common indication for transfer of obstetrical patients to a critical care setting is hypertension. In our opinion, the vast majority of patients with hypertensive disease in pregnancy can be managed without invasive hemodynamic monitoring. In the small number of patients who are managed with the aid of a pulmonary artery catheter, some hemodynamic variables are measured (pulmonary artery pressure, cardiac output, pulmonary artery occlusion pressure) and some are calculated (systemic vascular resistance, pulmonary vascular resistance, left ventricular stroke work index). Left ventricular function is normal in pregnancy, but it is important to note that both systemic (SVR) and pulmonary vascular resistance (PVR) decrease significantly during pregnancy at term (8) . For example, in a study of normal-term pregnant patients by Clark and associates (8) , the SVR decreased from 1530 dyne·sec·cm
Ϫ5
, measured late in the postpartum period, to 1210 dyne·sec·cm Ϫ5 at term. This is important to take into consideration for critically ill pregnant patients with sepsis, in which SVR may be decreased secondary to endotoxin. The change in PVR may affect shunting in a pregnant patient with a significant cardiac septal defect.
Other hemodynamic changes are summarized in Table 2 (8) . The decrease in both the colloid osmotic pressure and the colloid osmotic pressure-pulmonary capillary occlusion pressure gradient during pregnancy may make pregnant patients more susceptible to fluid overload and pulmonary edema, especially in the presence of severe preeclampsia, as previously mentioned.
Hematologic Changes
Various hematologic changes must be taken into consideration when evaluating the critically ill pregnant patient. For example, a decrease in the hemoglobin of 1 g/dL from the nonpregnant state is not unusual and is most likely secondary to the increase in plasma volume relative to red blood cell volume (9) . There may be relative leukocytosis during pregnancy, with leukocyte counts during labor reaching as high as 25,000/L (average, approximately 15,000/L) (9, 10) . This may lead to inappropriate diagnosis of infection. The platelet count itself is relatively unchanged during pregnancy, although the platelet volume may be increased (9) . Of note, there is a benign condition known as gestational thrombocytopenia that can occur in 5% to 7% of patients. Our recommendation is to regard this entity as a diagnosis of exclusion. Other causes of thrombocytopenia, including preeclampsia, lupus, folate deficiency, and autoimmune thrombocytopenia purpura, should be sought before attributing the low platelet count to gestational thrombocytopenia.
Perhaps the most significant hematologic changes in a critical care setting involve components of the coagulation system. Nearly all procoagulants are increased in pregnancy, with fibrinogen levels up by 50% (nonpregnant mean, 300 mg/dL, with a range of 200-400; pregnant mean, 450 mg/dL, with a range of 300-600). Combined with a reduction in fibrinolysis, these changes contribute to the hypercoagulable state of pregnancy. The incidence of deep venous thrombosis and pulmonary embolism is five-fold higher during and immediately following pregnancy (11) . Of the various proteins that regulate the coagulation process, only protein S declines substantially in pregnancy
RESPIRATORY SYSTEM
Beginning early in pregnancy, progesterone levels begin to increase. Progesterone stimulates the respiratory center in the brain to increase respiratory depth but not rate (hyperpnea, not tachypnea). Minute volume, the amount of air moved into and out of the lungs in 1 min, is the product of tidal volume and respiratory rate. Tidal volume increases by 40% in pregnancy, whereas respiratory rate is relatively unchanged. The rise in tidal volume accounts for the increased minute volume, which in turn lowers arterial PCO 2 from a nonpregnant value of 40 mm Hg to a mean in pregnancy of 30 mm Hg. Compensation for this primary respiratory alkalosis occurs through excretion of bicarbonate via the kidney (see following section), so that serum bicarbonate falls from 24 mEq/L in the nonpregnant patient to a value of 19 -20 mEq/L in a gravid patient. For a discussion of the clinical significance of the reduction in serum bicarbonate, the reader is referred to the chapter in this supplement on diabetic ketoacidosis in pregnancy.
In addition to the increase in tidal volume noted above, there are other changes in lung volumes and capacities induced by pregnancy. Residual volume and expiratory reserve volume both decrease, resulting in an obligate fall in functional residual capacity. Vital capacity is unchanged in pregnancy. Total lung capacity is minimally decreased because of the reduction in residual volume.
URINARY SYSTEM
Renal plasma flow and glomerular filtration rate both increase early in pregnancy. The increase in glomerular filtration rate approaches 50%, which reduces the upper limit of normal for serum creatinine to 0.8 mg/dL. Serum concentrations of certain drugs-phenytoin, for example-are lower during pregnancy because of both expanded blood volume and increased glomerular filtration rate. Magnesium sulfate, the agent of choice for prevention and treatment of eclampsia, is almost 100% renally excreted. Dosage must be decreased whenever serum creatinine reaches or exceeds 1.3 mg/dL. Despite the therapeutic efficacy of magnesium sulfate, it is potentially highly toxic, and attention must be paid to renal function and urine output whenever this drug is being administered.
Pregnancy does not alter daily urine output substantially. A study by Higby et al. of urinary protein excretion in normal pregnant patients over 24 hrs confirmed that the 95th percentile was 260 mg/day (12). This result adds validity to the widely accepted definition of proteinuria (Ͼ300 mg/day) as a criterion for the diagnosis of mild preeclampsia.
GASTROINTESTINAL SYSTEM
Relatively few changes in the gastrointestinal tract during pregnancy have critical care significance. Labor prolongs gastric emptying time and increases the risk of aspiration associated with general anesthesia. Serum albumin declines by 25% to 30% because of volume expansion. Alkaline phosphatase can be elevated substantially because of placental production and does not indicate hepatic obstruction. Stasis of the gallbladder may result in increased stone formation. The levels of serum aminotransferases as well as coagulation times are not appreciably altered during pregnancy. Elevation or prolongation of these values suggests underlying pathology, not pregnancy-induced changes. Table 3 are the obstetrical, medical, and surgical conditions that led to admission to an intermediate care unit at a large teaching hospital (13) . Twothirds of the diagnoses were obstetrical. One can readily observe that the changes in physiology induced by pregnancy have an impact on all of these diagnostic entities. It is our hope that the highlights of altered physiology provided in this review will assist both the medical intensivist and the obstetrician in managing critical illness complicating pregnancy. 
SUMMARY

Shown in
